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DEVICE, METHOD AND SYSTEM FOR 
ESTIMATING THE TERMINATION TO A WIRED 

TRANSMISSION-LINE BASED ON 
DETERMINATION OF CHARACTERISTIC 

IMPEDANCE 

FIELD OF THE INVENTION 

[0001] The present invention relates to the ?eld of mea 
suring transmission-line parameters, and speci?cally the 
characteristic impedance of a transmission line. 

BACKGROUND OF THE INVENTION 

[0002] Wired communication netWork topologies may 
generally be segmented into tWo types: Point-to-point and 
multi-point (also knoWn as ‘point-to-multipoint’, ‘bus’ and 
‘shared medium’) netWorks. In point-to-point topology, the 
netWork employs one or more communication links, each 
link is based on a cable or Wires as the communication 

medium and connects exactly tWo nodes, Wherein each node 
is connected to an end of the cable. In multipoint con?gu 
ration, multiple nodes are connected in parallel to the same 
Wired medium is various points along the cable. Non lim 
iting examples of point-to-point based communication net 
Works are Local Area Network (LAN) Ethernet IEEE802.3 
l0BaseT, IOOBaseTX, EIA/TIA-422 (a.k.a. RS422), ISDN 
(U-Interface), EIA/TIA-449, IEEE1284, IEEE1394 and 
USB, and Wide Area NetWorks (WAN) such as HDSL (High 
speed Digital Subscriber Line), ADSL (Asymmetric Digital 
Subscriber Line) and other xDSL technologies (e. g. SHDSL, 
SDSL, VDSL, IDSL). Non-limiting examples of LANs 
employing multipoint topology are Ethernet IEEE802.3 
l0Base2, l0Base5, CAN, LON, and EIA/TIA485 (a.k.a. 
RS-485). Other multipoint in-home netWorks include tele 
phone line based communication such as HomePNATM 
(Home Phoneline NetWorking Alliance), described in 
WWW.homepna.org, and poWerline based communication 
such as HomePlugTM, described in WWW.homeplug.org. 

[0003] A non-limiting example of a unidirectional point 
to-point communication link is shoWn as netWork 5 in FIG. 
1. The netWork comprises a communication link based on 
tWo conductors 11a and 11b cable. A transmitter 14a is 
connected to one end of the cable at points 711 and 7b. 
Respective points 611 and 6b at the other end of the cable are 
connected to a receiver 13a and termination 12a. The signal 
is coupled to the cable by the transmitter 14a. The signal 
energy is propagated over the cable and absorbed by the 
termination 12a, and received by the receiver 13a. 

[0004] The term ‘transmitter’ herein includes any device 
Which is capable of outputting energy or driving (or excit 
ing) a signal, including an electrical signal, in a transmis 
sion-line. Such devices include line-drivers, modems and 
transceivers, as Well as any other device having excitation 
capability. Such a signal may either be voltage based, current 
based or a combination of both. Similarly, the term 
‘receiver’ herein includes any device Which is able to receive 
energy/ signal (or any function thereof) from a coupled 
transmission line and convert it to an electrical form, includ 
ing line receivers, modems and transceivers. Receivers are 
assumed herein not to include any termination functionality 
(such as very high input impedance). 

[0005] A transmission-line is de?ned as a medium used to 
carry a signal from a point A to a point B. The terms ‘line’, 
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‘transmission line’, ‘cable’, ‘Wiring’, ‘Wire pair’ as used 
herein should be interpreted to include any type of trans 
mission-line, and speci?cally a metallic transmission line 
comprising tWo or more conductors used to carry electrical 
signals. Non-limiting examples are coaxial cable, PCB con 
nections and tWisted pair, the latter including both UTP 
(unshielded tWisted-pair) and STP (shielded tWisted-pair), as 
Well as connections Within Application Speci?c Integrated 
Circuits (ASICs). Characteristics of Wired transmission 
lines and their effect over digital data transmission are 
described for example in National Semiconductor Corpora 
tion Application Note 806 (April 1992) entitled: “Data 
Transmission Lines and their Characteristics”, and in 
National Semiconductor Corporation Application Note 808 
(March 1992) entitled: “Long Transmission Lines and Data 
Signal Quality”. Characteristic impedance is a primary prop 
erty of a metallic transmission line, and commonly relates to 
the instantaneous voltages and currents of Waves traveling 
along the line. 

[0006] The basic function of the termination 12a is to fully 
absorb the signal/energy propagating in the transmission 
line. Improper termination such as impedance mismatch Will 
cause re?ections (a.k.a ringing, overshoot, undershoot, dis 
tortion and resonance) back from the receiver-connected end 
to the transmitter-connected end. Such re?ections Will com 
monly degrade the communication characteristics of the 
communication link. Proper line termination becomes 
increasingly important as designs migrate toWards higher 
data signal transfer rates over relatively longer lengths or 
transmission medium. For example, this may be applied to 
differential data transmission over tWo conductors such as 
tWisted pair cable. In general, transmission-lines such as 
cables are treated as transmission-lines When the component 
Wavelengths of the propagating signal, such as an electrical 
signal in a cable, is shorter than the physical length of the 
transmission-line. The importance of a proper line termina 
tion is discussed for example in National Semiconductor 
Corporation Application Note 108 (July 1986) entitled: 
“Transmission Line Characteristics”. A proper line termina 
tion typically enables better ability to reliably recover a 
transmitted signal by using simpler means, as Well as 
improving noise susceptibility. 

[0007] Analysis of re?ections can be found in the National 
Semiconductor Corporation Application Note 807, (March 
1992) entitled: “Re?ections: Computations and Wave 
forms”, and the manner in Which re?ections impact on data 
transmission systems is described in the National Semicon 
ductor Corporation Application Note 903 (August 1993) 
entitled: “A Comparison of Differential Termination Tech 
niques”. 

[0008] Generally, in order to avoid re?ection, the termi 
nation impedance should match the characteristic imped 
ance of the transmission line in the frequency band of the 
discussed signal. If the cable parameters are knoWn, and in 
particular its characteristic impedance (commonly desig 
nated as Z0), a good practice is to install a termination (a.k.a. 
terminator) 12a of the same value (Z0). In many cases, the 
cable parameters may be unknoWn. For example, the cable 
may exist in a Wall and/or be of unknoWn type. Furthermore, 
cables may be manufactured With relatively large parameters 
tolerances, resulting in variations of characteristic imped 
ance from batch to batch. Similarly, the characteristic 
impedance may change due to environmental conditions 
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such as temperature, humidity and also over time. In any 
case wherein the cable parameters are not known, a mea 
surement needs to be performed in order to establish the 
cable characteristic impedance, and accordingly terminating 
the line. Such measurement requires expertise, is labor 
extensive and time consuming. 

[0009] There is thus a widely recogniZed need for, and it 
would be highly advantageous to have, a method and system 
for allowing easy and simple measuring of characteristic 
impedance, upon which a proper termination of a transmis 
sion line may be calculated, for example. Such system may 
be applied to transmission lines in general, and wired 
networks in particular, and speci?cally for a metallic trans 
mission line having an unknown or changing characteristic 
impedance. 
[0010] A multi-point based network (a.k.a. bus or multi 
drop network) is shown as network 10 in Figure la. Two 
conductors 11a and 11b are used as the communication 
medium, wherein multiple nodes are connected thereto, each 
node connected at a distinct point along the line. The 
network is shown in a state wherein node 1411 connected to 
the two conductors 11a and 11b of the line at respective 
connection points 1811 and 18b is a transmitter, while all 
other nodes serve as receivers. Nodes 13a, 13b and 130 serve 
as receivers and are connected to the line at respective points 
(17a, 17b), (18a, 19b) and (8a, 9b) respectively. Similar to 
the above discussion, a termination (equal to the line char 
acteristic impedance) is connected to each end, wherein 
terminations 12a and 12b are respectively connected to the 
transmission line ends (15a, 15b) and (16a, 16b). 
[0011] Typically in wired communication, the wiring char 
acteristic impedance is near pure resistance (non-complex 
impedance); hence each termination could be a simple 
resistor having a resistance equal to the characteristic imped 
ance. Such resistors 23 are shown as terminations and are 

connected to the transmission line end points (such as 16a, 
16b) of network 20 shown in FIG. 2. 

[0012] While the metallic transmission line 5 shown in 
FIG. 1 is a non-tapped, single-path, homogenous and con 
tinuous wiring, a transmission line may sometimes involves 
a tap (a.k.a stub, bridge, and bridge-tap) or any other 
discontinuity. Such medium is shown in FIG. 2 as network 
20. In addition to the two conductors 11a and 11b, the 
network employs an additional wiring part (a tap) compris 
ing two conductors 21a and 21b, tapped in connection points 
22a and 22b respectively. Similar to the above discussion, a 
termination is required in each line end, hence requiring 
resistor 230 connected across the tap end points 24a and 24b. 
Similarly, a wired network may employ multiple such taps. 
Hence for a line having arbitrary topology such as ‘star’, 
‘tree’ or any combination thereof, the taps may be without 
any node connection (such as shown in network 20), or may 
have nodes connected thereto. In addition, nodes may be 
connected to one or more of the line ends, in parallel to the 
termination. 

[0013] In a multi-point environment, while termination is 
essential in all wiring ends in order to reduce re?ections, it 
is equally important not to introduce termination at all points 
other than the cable ends. Any impedance connected will 
cause a mismatch and a signal propagated will introduce 
re?ections at that point. As such, the nodes 13a, 13b and 130 
should exhibit high impedance in their connection points to 
the transmission line. 
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[0014] In many cases, nodes (in particular receivers) com 
prise a built-in termination/resistor. If the node is connected 
in one of the line ends, the termination should be connected 
in parallel to the node. However, in a con?guration wherein 
the node is not located in the line ends, the termination 
should be disconnected or disabled, in order to avoid gen 
eration of re?ections. Such distinction between the connec 
tion locations complicates the network installation. Further 
more, in some cases the wiring topology is not easily known, 
such as in the case of in-wall existing wiring. Identifying the 
topology in order to distinguish between line ends and other 
points may be complex, labor intensive and expensive. 

[0015] There is thus a widely recogniZed need for, and it 
would be highly advantageous to have, a method and system 
for allowing easy and simple termination of a transmission 
line in general, and wired networks in particular, and spe 
ci?cally for a metallic transmission line having multiple 
connection points, unknown to be either ends or in the 
middle of a wiring system. 

[0016] Wired Home Networking. 

[0017] Most existing o?ices and some of the newly built 
buildings facilitate a data network structure based on dedi 
cated wiring. However, implementing such a network in 
existing buildings typically requires installation of new 
wiring infrastructure. Such installation of new wiring may 
be impractical, expensive and problematic. As a result, many 
technologies (referred to as “no new wires” technologies) 
have been proposed in order to facilitate a LAN in a building 
without adding new wiring. Some of these techniques use 
existing utility wiring installed primarily for other purposes 
such as telephone, electricity, cable television (CATV), and 
so forth. Such an approach offers the advantage of being able 
to install such systems and networks without the additional 
and often substantial cost of installing separate wiring within 
the building. 

[0018] The technical aspect for allowing the wiring to 
carry both the service (such as telephony, electricity and 
CATV) and the data communication signal commonly 
involves using FDM technique (Frequency Division Multi 
plexing). In such con?guration, the service signal and the 
data communication signals are carried across the respective 
utility wiring each using a distinct frequency spectrum band. 
The concept of FDM is known in the art, and provides means 
of splitting the bandwidth carried by a medium such as 
wiring. In the case of telephone wiring carrying both tele 
phony and data communication signals, the frequency spec 
trum is split into a low-frequency band capable of carrying 
an analog telephony signal and a high-frequency band 
capable of carrying data communication or other signals. 

[0019] A network in a house based on using powerline 
based home network is also known in the art. The medium 
for networking is the in-house power lines, which is used for 
carrying both the mains power and the data communication 
signals. A PLC (Power Line Carrier) modem converts a data 
communication signal (such as Ethernet IEEE8023) to a 
signal which can be carried over the power lines, without 
affecting and being affected by the power signal available 
over those wires. A consortium named HomePlug Powerline 
Alliance, Inc. of San Ramon, Calif. USA is active in 
standardiZing powerline technologies. A powerline commu 
nication system is described in US. Pat. No. 6,243,571 to 
Bullock et al., which also provides a comprehensive list of 




























